INSTALLATION AND OPERATING INSTRUCTIONS 


ON 


NATIONAL “FB-7” 


TUBES, Seven tubes are xequired for the “FB-7" receiver, exclusive of the power pack, as follows: 


Asc Detector 357 2nd Detector 356 
High Frequency Oscillacor 224 or 24A Beat Oscillator 224 or 24A 
1st Intermediate 58 Output Amplifier 59 
2nd Intermediate 58 


The positions of the various tubes are shown in the attached plan of the receiver. 
Tc is understood that in order to secure best results, cubes of recognized quality and average characteristics 
should be employed. 


POWER SUPPLY. The special NATIONAL Type No. 5887-AB power pack is recommended for obtaining the 
best results where not more chan 114 watts of audio power is necessary. This unit supplies 

180 volts maximum at full load and 244 volss at 91/, amperes to the heaters. All voltage dividers, etc., are buile 
into the receiver, 

If more audio power is soaired the NATIONAL Type No. 5897-AB unit should be employed. This supplies 
approximately 240 volts at full load. 

Both power packs employ the 280 rectifier tube. The use of mercury vapor aubes is not recommended, 

If desired, che “FB-7" may be operated from a suitable filament cransformer with 180 volts of B-battery. 
The cotal current drain at this voltage is approximately 40 m.a, and varies somewhat with the setting of the 
volume control. 


ANTENNA, ‘Antenna dimensions are not at all critical, but some experimentation is advised in order ro deter- 
mine the length of wire giving the best performance, If, for instance, local noise level or static 
is particularly high, a shore wice will probably be preferable. 
Referring to the circuit diagram, it will be seen that the antenna circuit consists of a primary coil and a series 
condenser. ‘This arrangement is used to eliminate antenna tuning effects due to capacity of inductive loading. 
Special antennas, such as the doublet and various forms of resonant antennas that are normally employed 
withouc a ground, may be connected to the anteana and ground terminals provided the ground post is discon- 
nected from che chassis, This may be done very easily since an insulated mounting is employed. 


OUTPUT CIRCUIT. ‘The a circuit of the ourput cube is brought to the output tip jacks located at the rear 
right- corner, 

‘When using the 180 volt supply, the plate current of the 59 tube is less than 20 m.a., which will not appre- 
ciably affect the performance of any properly designed magnetic speaker. Certain types, however, such as the 
inductor dynamic, require a filter system, which may consist of a 1 to 1 transformet or 2 30 henry choke, and a 
1, mfd. condenser, The permanent megnet dynamic speakers will give excellent results and their use is cecor- 
mended, 

A headphone jack for connecting the phones in the plate circuit of the second detector, is located at the rear 
left corner. Inserting the phone plag 2utomatically disconnects the grid circuit of the 59 tube, the plate circuit 
cemaining unchanged. 


CONTROLS. The middle knob is che main tuning control, operating the ganged high frequency oscillator and 
first detector tuning condensers. Frequency increases with dial reading. p 

The left-hand toggle switch opens the main B supply circuit, leaving the heaters lighted, and is pasticularly 
useful for turning off the receiver during transmission periods, If B battery plate supply is employed, the switch 
should be thrown to the “Off” position at all times when the receiver is not in use. 

The right-hand toggle switch conzols the beac osci!lator, which is coupled to the input circuit of the second 
dececcor and is used primarily for the reception of c. w. signals, although ic is helpful in locating weak phone 
carriers. 

Beat oscillator cuning may be adjusted by means of either of the adjustment screws Jocated at the top of the . 
oscillator coil shield, mounted between the 36 and the 224 tubes, Normaily, the oscillator is adjusted to the 
frequency of the intermediate amplifier, as determined by the pitch of the background hiss. Improved selectivity 
may be obtained by denuning the oscillator from the if. by approximately 1000 cycles. Such detuning will 
emphasize one side of the carrier 

The knurled disc below the tuning knob is the volume control, calibrated in steps of approximately 8 db. 
from 1 to 9. The signal which is just zudible with the control full on, chat is, ac 1, will be R-t on the audibilicy 
scale; a signal which is just audible with the control set at 8, will be R-8, etc. 


INTERMEDIATE FREQUENCY The i. f. amplifier is runed to a frequency of approximacely 485 kc, cuning 
AMPLIFIER. being accomplished by means of che condenser adjusting screws located at che 
top of the intermediate frequency transformer shields. 


TRIMMER | A. parallel padding. oc range adjusting, condenser is mounted inside each of the 
IT. oscillator coils, and may be set with a screw driver inserted in the hole just below the 

coil handle. ‘When properly adjusted, che cuning will check che calibration curves 
closely. Tightening the screw will give higher dial readings. 

The detector coils for full coverage (1500-20,000 k.c.) are trimmed by a condenser mounted between the 
gang tuning condenser and the detector tube. This condenser also serves as an antenna compensator for these 
coils only. 

Individual trimmer condensers are mounted inside each band-spread coil, so-thac the r. f. and detector stages 
may be brought into exact aligamenc with the band properly centered on the dial. The high frequency edge of 
all the bands 1s ar 120 and the low frequency edge at 20. 

The setting of these crimmer condensers, particularly those of the oscillator coils is quite critical. If it is 
found necessary co readjust any of them, it will be noticed char the frequency will creep for a few seconds after 
the adjustment is made, particularly on che two higher frequency. bands. 
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Circuit Diagram of FB 7 


SPECIAL INSTRUCTIONS 
FOR 


NATIONAL FBX RECEIVERS 


The FBX receiver employs essentially che same 
circuit as chat of the FB-7 but, in addition, has a 
quartz, filter connected at the input of the I. F. 
amplifier. The crystal, its associated I. F. trans- 
former, selectivity control, selector switch and phas- 
ing condenser, ate mounced in the rectangul tr com- 
partment at the right-hand side of the chassis. 


The knob ac the side of the cabinet is the crystal 
selector switch and has theee positions: the middle 
position connects the crystal in series for single 
signal reception; the left-hand position (rotating 
counter-clockwise) connects the crystal in parallel; 
while the right-hand position removes it from the 
Greuic, 

The knurled bakelice disc, che edge of which 
protrudes through a slot at the upper right-hand 
side of the cabinet, is the selectivity control. Whea 
the crystal is not being used, this control should be 
adjusted for maximum signal strength, since it acts 
merely to tune the intermediate transformer sec- 
ondary, When the series connection is employed 
(central switch position) the same setting of the 
selectivity control which gave maximum response 
in the first case, will now give minimum selectiv- 
ity. As che control is turned in a counter-clock- 
wise direction: that is the outside of the disc 
moved toward the back of the set; the selectivity 
will be improved until che maximum point is 
reached. 


When the crystal is conneced in parallel for 
rejecting an unwanted carrier, the selectivity con- 
trol should be adjusted co give maximum I. F. re- 
sponse, since in this case the action of the selec- 
tivity control is simply to tune the I. F. trans- 
former secondary. When usiog the parallel con- 
nection, the setting of the cuning condenser that 
eliminaces the undesired signal is just as critical 
as that giving peak response in the case of the 
series connection. 


A trimmer adjusting screw will be found near 
the centre at the top of the cryscal filer compact- 
ment. This is the phasing, or crystal balancing 
condenser, the correct adjustment of which is 
explained in the last pazagraph. 


For best results, it is of course, necessary that che 
whole I. F. amplifier be tuned exactly to the crystal 
frequency. The tuning may be very easily checked 
at any time by throwing the crystal selector switch 
to the series position and, after a steady signal has 
been muned in, checking the adjusument of each 
1. F. maning condenser for maximum response. The 
primary of the crystal filer inpuc transformer is 
not tuned. 

It is advisable to cheds the alignment of the 
circuits occasionally, especially where wide varia- 
tions in room temperature are prevalent. 

The operation of the FBX receiver when the 
crystal selector switch is in the “Of” position, 
is the same as that of the FB-7 and needs no 
further comment. 

When the series connection is employed for 
phone reception, it will probably be found advis- 
able to set the selectivity control ar that point 
giving minimum selectivicy, in order to avoid ex- 
cessive side hand cutting. 

For single signal ¢. w. reception, the selectivicy 
control should be set at the point giving maximum 
selectivity, as evidenced by the fact char static, cir- 
cuit noises, etc, all have che same characterstic 
ring or pitch, determined by the adjustment of 
the beat frequency oscillator. Under these condi- 
tions, as the receiver is cuned slowly across a car 
tier, the audio response will be sharply peaked at 
the “characteristic pitch,” all other points being 
extremely weak in comparison. 

The bear oscillator may be adjusted co suit the 
individual preference of the operator, by means of 
the knob mounted on top of the oscillator coil 
shield. 

Should the operator wish.to check the adjust- 
ment of the phasing condenser, the simplest 
method is as follows: with the crystal connected 
for series operation and the selectivity control ad- 
justed for maximum selectivity, tune in a stable 
signal, preferably from a local oscillator; find che 
peak response; tune to the other side of the audio 
image where the signal will be very weak, and 
adjust the phasing condenser for minimum re- 


sponse. 


DETAILED ALIGNMENT INSTRUCTIONS 


FOR 


FB-7 — FB-X : 


All FB-7 and FB-X receivers are choroughly and 
carefully aligned. at che factory and, as a general 
rule, it is not necessary to make readjustments. It 
is strongly recommended, therefore, that all ad- 
justments be left in the original positions except 
in such cases where they are obviously wrong. 


When all adjustments are correce, the receiver 
will, of course, operate at its best; that is, with 
maximum selectivity and minimum image fre- 
quency reception. In any superhererodyne, how- 
ever, especially ‘those not having pre-selection 
before the first detector, images and repeat points 
are co be expected to some extent, and while such 
interference may be reduced by proper adjustment 
of the detector coil as outlined below, their 
presence does not necessarily indicate incorrect 
adjustment. 

‘The amateut band spread coils for the FB-7 and 
KB-X receivers are adjusted by means of a suitable 
monitor or frequcaey meter. The position of the 
band on the dial is determined enticely by the 
adjustment of che oscillator coil padding condenser, 
which is mounted inside the oscillacor coil and 
which may be adjusted by means of 2 screw driver 
through the hole just below the coil handle. 


To adjust the coil in accordance with the cali- 
bration cutves the procedure is as follows: Set the 
tuning dial to read 120, cune the frequency meter 
to the high frequency edge af the band covered by 
the coils, and adjust the oscillator coil trimmer 
until che signal is picked up. The beat oscillator 
should be in operation. When adjusting some of 
the coils, particularly those covering the 3.5 to 4 
megacycle band, two settings of the oscillator coil 
padding condenser may be found which will rune 
in the signal. Of these, the higher frequency sct- 
ting is correct, 


Where compression type trimmers are used in 
che oscillator coils, the high frequency setting wii! 
be chae at which the adjustment screw is turned 
furthest counter-clockwise, giving the lower ca- 
pacity. When air dielectric type trimmers are 
employed, ic is usually only possible to tune the 
oscillator co the high frequency side. 


A check for the correct setting of the padding 
condenser after making adjustment outlined above, 
is to set the tuning dial at 20 and change che 
frequency meter setting to che low frequency end 
of the baad. If the signal is received within wo 
or three dial divisions either side of 20, the oscil- 
lator coil adjustment is correct. If, however, the 
low frequency limit of the band cannot be found. 
or if when found it gives a widely different read- 
ing chan those indicated by the calibration curves 
of the receiver, it is probable that the osciilacor 
coil has been incorrectly adjusted. 


Jn making these adjustments it is almost essen- 
tial co employ a frequency meter operating ac its 
fundamental frequency, since correct setting is dif- 
foul to determine when using the harmonic type 
of frequency meter. 

When the oscillator padding condenser is cor- 
rectly set, the detector coil trimmer condenser 
may be adjusted. This is best done by tuning in a 
steady signal, either modulated or unmodulated, 
and adjusting the detector coil trimmer condenser 
for maximum response. The signal may be at 
any point in che band. If the operator is experi- 
enced in such work, the best setting may be derer- 
mined by ear. If, however, difficulty is experi- 
enced in obtaining the correct adjustment, it is 
necessary to employ some form of output meas- 
uring device, such 2s an output meter, connected 
to the speaker terminals, or 2 0 to 1 milliammeter 
conneced in the headphone jack. 

When adjusting the 14. to 14.4 megacycle de- 
tector coil, for instance, the crimmer setting is aot 
critical to the ear and the use of the output device 
is desirable. 

The detector circuic trimmer condenser, mounted 
in the receiver just at the right-hand side of the 
Banged tuning condenser, serves a special Purpose 
in aligaing the general coverage coils and its ad- 
justment should not be changed. 


Intermediate Frequency Amplifier Alignment 

The adjustment of the intermediate frequency 
amplifier has negligible effect upon the calibration 
of the receiver. The alignment’ aiay be checked 
or changed slightly wichour affecting the accuracy 
of the oscillator or detector coil condenser ad- 
justmenc. 

The alignment check for either the FB-7 or 
FB-X receivers may be made as follows: Tune in 
a steady signal from a local oscillator or frequency 
meter anywhere on the dial. The beat frequency 
oscillator should be on and, in the case of the 
FB-X, the signal should be tuned as for single 
signal reception with the crystal in the series po- 
sition, The volume control should be adjusted 
so that there is no possibility of overloading any 
of the tubes. The adjustment of the various I. F. 
tuning condensers may then be varied slightly ia 
order to obtain the setting giving the loudest 
signal. 

JE the correct adjustment is difficult to derer- 
mine accurately by eat, an output indicating device 
should be employed in the same manner as that 
used in adjusting che detector coils. It may be 
found that when adjusting cereain of the 1. F. 
condensers that the beat note is changed slightly. 
‘This is normal and does not affect the accuracy of 
adjustment. 


INSTALLATION AND OPERATING INSTRUCTIONS 


ON 
NATIONAL "FB-7" 
(6 VOLT TYPE) 


TUBES. Seven tubes are required for the “FB-7" receiver, exclusive of the power pack, as follows: 


Ist Detector 17 2ad Detector 237 
High Frequency Oscillator 236 Beat Oscillator 236 
1st Intermediace 7a Ou-put Amplifier a9 
2nd Entermediate 74a 


The positions of the various cubes ate shown in the attached plan of the receiver, 


fc is uivlerstood chac in order co secure best results, tubes of recognized quality and average characteristics 
should be employed. 


POWER SUPPLY. ‘The special NATIONAL Type No. 5886-AB power pack is recommended fot obtaining the 
best results whete not more than t watt of audio power is nec . This unit supplies 


180 vols maxinnum ac full load and 6 volts at 2.2 ampeces to the heaters, All voltage dividers, etc, ate: built 
inco the 


tack employs the 280 rectifier tube. The use of meccury vapot tubes is aot recommended, ; 
ed, the “FB-7" may be operated from 2 suitable filament transformer with 180 volts of B-battery, 


The tocal curcene drain ac this voltage is approximacely 30 ma, and varies somewhat with the setting of the 
volume control, 


ANTENNA, — Antenna dimensions are oot ar all critical, but some experimentation is advised in order to deter 
mine the length of wire giving the bese petformance, Lf, for instance, local noise level of static 
is pacticularly high, a shore wire will probably be preferable. 
Referring to che circuic diagrain, ic will be seen thar the antenna circuit consists of a primary coil and a series 
condenser. ‘Lhis arrangement is used to eliminate antenna cuning effects due to capacity ot inductive loading. 
Special anteanas, such as che doublet and yacious forms of resonant antennas that are normally employed 
withouc a ground, may be connected to the antenna and ground terminals provided the ground post is discon: 
aected from the chassis. This may be doue very easily siace an insulated mounting is employed. 


OUTPUT CIRCUIT, ‘The place cixcuie of the output tube is brought co the output tip jacks located a¢-the rear 
right-hand corner. 

Wher using the 180 volt supply, the plate curcent of the 89 tube is less chan 16 m.a., which will not appre- 
ciably affect the perfocinance of any properly designed magnetic speaker. Certain types, however, such as the 
inductor dynamic, cequite a filter system, which may consist of a 1 to 1 transformer or a 30 henry choke, and a 
L. mids condenser. The permanent magnec dynamic speakers will give excellence results and theit use is recom: 
mended. 

A headphone jack for connecting the phones in the plate circuit of the second detector, is located at the cear 
left corner, Inserting the phone phig automatically disconnects the grid circuit of the 89 tube, the plate circuit 
remaining wochanged, 7 


CONTROLS. The middle knob is the main tuning control, operating the ganged high frequency oscillator and 
firse detector tuning condensers, Frequency iocreases with dial reading. 

‘The left-hand coggle switel opens the main B supply circuit, leaving the heaters lighted, and is particularly 
useful for turning off the ceceiver during transmission periods, If B bactery plate supply is employed, the switch 
should be thrown to the “Off” position at all times when the receiver is not in use, 

The right-hand toggle switch contcols the beat oscillator, which is coupled to the input circuit of the second 
detector and is used primarily for the reception of cw. signals, although it is helpful in locating weak phone 
carers. 

Beat oscillator tuning may be adjusted by means of either of the adjustment screws located at che top of the 
osciflator cotl shield, mounted between the 237 and the 236 cubes, Normally, the osciilator is adjusted to the 
frequency of the intermediate amplifier, a8 determined by the pitch of the background hiss. Improved selectiviey 
may be obrained by detuning the oscillator fom che i. f by approximately 1000 cycles. Such detuning will 
emphasize one sicle of the carrier beat. 

‘The knurled disc below the tuning knob is the volume control, calibrated in steps of approximately 8 db, 
feom 19, ‘The signal which is just audible with the control full on, that is, at 1, will be Rei on the audibilicy 
scale; a signal which is just audible with the control set at 8, will be R-8, etc. 


INTERMEDIATE FREQUENCY The i. f. amplifier is cuned to a frequency of approximately 483 kc, tuning 
AMPLIFIER. being accomplished by means of the condenser a justing screws located at the 
top of the intermediate frequency transformer shields. 


COIL AND TRIMMER A pacatlel padding, oc range adjusting, condenser is mounted inside ach af she 
ADJUSTMENT. oscillator cotls, and may be sec with a screw driver inserted in the hole ji below: the 

coil handle. When properly adjusted, the cuning will check the calibration curred 
closely, Tightening the screw will give higher dial readings. i 

‘The detector coits for full coverage (£500-20,000 k. .) are trimmed by a condenser mounted berween the 
Rang tuning condenser and the detector tube. This condenser also serves as an antenna compensaror for these 
coils only. i 

Individual tcinmer condensers are mounted inside each band-spread coil, so that the r. f. and detector staged 
may be broughe iato exact alignment with the band Properly centered on che dial.- The high frequency edge of 
all the bands is a¢ 120 and the low frequency edge at 20. " 

‘The secting of these trimmer condensers, particularly those of che oscillator coils is quite cridcal. If ic i 
found necessary to readjust any of them, i¢ will be noticed thie the frequency will creep for a few seconds after 
the adjuscmenc is made, particuladly on the two higher frequency bands, ‘ 
> 
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Alignment Instructions for FBX-FBXA 


Single Signal Receivers ~ 


or adjust a single signal receiver it is 

essential that the operator be familiar 
with the principles involved and the type of 
performance to be expected. 

A receiver of this type is simply a superhetero- 
dyne which may he adjusted to have extremely 
high selectivity on c.w. signals. The effective 
width of the selectivity curve is only a few-cycles, 
wusually ‘between 20 and 100. This means that 
when tuning in o given ¢.w. signal, tuning is going 
to be very sharp and the dial must be turned 
slowly in order to avoid missing the signa! en- 
tirely, As compared to the straight superhetero- 
dyne, the single signal receiver is about 100 times 
as selective. The straight super will pick up a 
signal and will reproduce both sides of the audio 
beat note at about the same strength; that is, the 
carrier whistle may be varied from either side of 
zero beat up to about 3000 cycles when the re- 
ceiver is tuned and the whistle will remain about 
the same atrength at any pitch. The s.s. receiver, 
however, being 100 times as sharp, will not per- 
form in this manner, but as the receiver is tuned 
across the carrier the audio response will be very 
sharply peaked at one certain pitch of the carrier 
whistle. Detuning the receiver a small fraction of 
a degree, while it changes the pitch only slightly, 
will make the signal much weaker, since it has 
been detuned from the sharp selectivity peak. 

It is evident, therefore, that the great selec- 
tivity available shows up as a peak in the audio 
response and when the receiver is in aperation ail 
signals, after being correctly tuned, will peak at 
the same audio frequency. 


Bes attempting to check the alignment 


General Supesheterodyne Theory and the 
Explanation of Single Signal Operation 


(Its extremely important that these para- 
graphs be very carefully studied, if a full 
understanding ts to be had of the detailed 
data on adjusting Single Signai receivers) 


To those who are not entirely familiar with the 
operating principles of a superheterodyne, the 
following explanation may be of interest: 

It is the function of the first detector and high 
frequency oscillator of a euper to convert a high 
frequency signal to the frequency of the inter- 
mediate amplifier. If, for instunce, a 7000 k.c. 


signal is being received, the high frequency oscil- 
lator, in the case of the FB- receivers, will be 
tuned to 7500 k.c. producing » beat with the 
signal equat to the difference between these two 
frequencies; that is, 500 k.c., the frequency of the 
LF. amplifier. (These figures are not exact since 
the 1.F. of the FB- receivers is about 495 k.c.) 
‘The 500 k.c. beat is omplified in the J.P. amplifier 
and is detected or de-modulated in the case of 
Phone signals at the second detector. When re- 
ceiving c.w. signals a beat note is obtained by the 
use of a separate best oscillator coupled to the 
second detector and operating at, or clese to, the 
intermediate frequency. If the beat oscillator is 
tuned exactly to 500 k.c. and if the signal men- 
tioned above is tuned to give an I.F, beat of 
exactly 500 k.c., it is evident that the receiver as 
8 whole will be tuned to zero beat. 

An audible best note may be obtained by doing 
either one or two different things. The first is to 
change the tuninz of the high frequency oscillator 
(by means of ths tuning dial) slightly, so that it 
will produce a different IF. best with the signal. 
For example, su>p:.se the dial is changed so that 
the high frequency oscillator oscillates at 7501 
k.c.; the LF, beat will now be 501 k.c., whieh will 
be amplified as before by the intermediate am- 
plifier, but when reaching the second detector will 
produce a I k.c. ‘thousand cycle) audio beat with 
the beat oscillator, which is operating at 500 k.c. 
as before. Simitarly, the tuning dial could be 
moved in the other direction, so that the high 
frequency oscillator is tuned to 7499 k.c., in 
which event the beat would be 499 k.c. and 
the audio beat note would be a thousand cycles 
but on the other side of the carrier. 

‘The selectivity o7 the I.F. amplifier is such that 
a signal detune? from it by only one kilocycie 
(2 of 1%} will & i! be amplified almost aa much 
asa 500 k.c. sig-e’, although there will of course 
be some loss in gi. 

The other method of getting an audible best 
note is to leave the signal tuned exacily, as in the 
original case, with the 500 k.c. .F. signal but to 
detune the beat oscillator so that it operates at 
say $01 k.c, The I.F. amplifier is now exactly in 
tune with the I.F. signal and will amplify it at 
full efficiency. The beat note will be 1000 cycles, as 
before. This method, wherein the signal is tuned 
exactly and the beat obtained by detuning of the 
best oscillator, is fundamentally that used in any 


+ SCHEMATIC DIAGRAM-FBXA. 


singlé signal or semi-single signal receiver. It is 
evident that chianging the tuning dial slightly will 
detune the LF. signal from the I.F. amplifier so. 
that it:will not be ‘amplified as much, causing a 
corresponding decrease inthe strength of the 
audio beat aote:.thus, if tuning is changed in such 
a way as to raise the pitch of the beat note, the 


changed :to lower the pitch down toward the zero 

at region, the signal will be weaker. If the tua- 
neg is’still further changed, so that the audio note 
passes through the zerd beat region, and “up the 
other side of the’carrier,” the signal will become 
weaker still, The falling off in signal strength, as 
the receiver tuning is changed,.is due entirely to 
=the selectivity of the I.F7 amplifier. Suppode now. 


“single signal reception; the crystal will pass only a 
» very narrow band of frequencies, say from 499.9 
k.c, to 500.1-k.c. It will be necessary,- therefore, 
* to tune the signal so that the I.F beat is exactly 
500 k.c.; and in order to obtain ah audible beat 
note, the beat oscillator MUST be detuned. If 


ignal will be weaker.-Similarlyy if the tuning.is 


that the I.F. amplifier hes'very :high selectivity,” i 
as is the case when a crystal filter is employed in *-which tse the crystal from the receiver. This: 


.. The main point to remember when con- 
sidering single signal receivers is that they 
are simply ultra selective superheterodynes, 
which must be tuned exactly to the signal 
and that the beat oscillator must be detuned 
from the crystal frequency in order to obtain 
an audible beat note.’ * ce 
Preliminary Adjustments—The I.F, 
"From the above explanation, the reader will see 
that it is absolutely essential that the-I.F..trans- 
formers be aligned to the crystal, since the two 
must work together. This alignment may be 
accomplished in a number of ways. If the LF. 
. transformers are: far. ont. of ‘adjuatment,. it i 
necessary, to connéct an external crystal oscillato: 


oscillator is put in operation and is coupled to the 
» first detector of. the receiver. In most cases no 


, “actual connection ‘will be required since the field 


from the oscillator will be sufficiently strong to be 
picked up, even’ with the II’. far out of. adjust- 
ment. If coupling is required, a lead: twisted 


the beat oscillator is set as before at. 50) k.c., the-~ around the grid cap of the detector tube and run 
beat note will be 1000 cycles. Detuning, as in the’ near the oscillator tank coil, will be suitable. The 


above case, will make the signal practically in-'™ beat oscillator is turned on and adjusted until the 


audible, except at this one pitch, and “the other “~ orystal signal is picked up. The pitch of the beat 


side of the carrier,” or audio image, will be almost 
entirely suppressed, pees ee 
With. the receiver tuned exactly so that the 
erystal will pass the LJ. beat, the beat oscillator 
may be adjusted to give any desired audible beat 
note. In the’above case, the beat oscillator being 


set at.501 kc, produced a’ 1000 cycle beat et’ 
which all signals would be peaked. If the heat ° 
oscillator were set at 502 k.c., all signals would - 


be peaked at 2000 kc. ie 
Tf the receiver tuning is left alone, then, the 
at oscillator may be adjusted to give any de- 
sired piteh-without changing the signal’strength. 
Any ;change: in tuning. whieh changes. the 
pitch of the audio signal will greatly sveaken the 


signal... 28 oy" + sesbalficen: 


_ Rote is not important ss long as it is well inside 
the audible range. . 

Al the LF, transformers are now adjusted for 
maximum signal: This adjustment need not be 
made with any great degree of precision, since the 
crystal wiil not oscillate at exactly the came fre- 
quency’ to which it will be resonant in the re 
ceiver. The crystal selector switch should be in 
the “off” position. . 

The crystal may now be removed from the 
oscillator and installed in the receiver. Throw the 
crystal selector switch to connect the crystal in 
the series position for single signal reception: Set 
the selectivity control for maximum selectivity; 
that is, with the edge of the knurled disk moved 
as far as it will go toward the back of the receiver. 


ALIGNMENT INSTRUCTIONS FOR FBX-FBXA, 8 5 


Now, tune in a steady signal from a local oscilla- 
tor or monitor. Tuning very slowly across the 
carrier, there should be one point at which the 
signal will peak very sharply. The audio pitch of 
this peak will be nearly the same ag the pitch of 


the beat used when the crystal oscillator was” 


being picked up. 
. The Beat Oscillator 


Once the peak has been found, it would be well 
for the operator to familiarize himself with the 
action of the beat oscillator control by changing 
its tuning in order to obtain an audio note which 

, ia most pleasing to copy, or which coincides with 

\" any peaks in the loudspeaker or headphones. It 
makes little difference to which side of the audio 
beat, the beat oscillator is tuned. After a satis- 
factory pitch has been found, tune the signal by 
means of the tuning dial so that the signal ‘goes 
down through zeto beat and up to approximately 
the same pitch on the other side. This response is, 
of course, much weaker than that of the peak and 
it may be necessary to turn up the volume con- 
trol in order to obtain fair volume. 


Final Phasing Adjustment 


adjusted until the signal is WEAKEST. The ad- 
_juatment should preferably be made with a 
“bakelite or wooden serew driver in order to avoid 
extraneous capacity effects. This completes the 
phasing adj adjustment. : 


"The | Selectivity ¢ Control 


The action of the selectivity control may now 
be checked. With the receiver tuned exactly as it 
was when adjusting the phasing con- .~ 
‘denser, the selectivity control. disk 
should be rotated and it will be found 
that the signal will be loudest at a 
- certain setting. This setting is usually - 
found when the edge of the disk is 
moved about two-thirds of i i 


giving this maximum response is that 
at which the selectivity of the crystal 
filter is minimum. Since even at this 
minimum selectivity the crystal filter 
is much more selective than the 
straight super, the signal will be 
weaker than that obtainable when the 
erystal is cut out. 

én & pure steady signal is care- 
“fully tuned to a single signal peak, the 
selectivity control should have practi- 
cally no effect upon signal strength. If 
there is any form of modulation, how- | 
ever, the signal will be loudest when 
the selectivity control is set for mini- 
mum selectivity, since this adjust- 
ment allows a greater width of signal 
or modulation to be passed. 


The phasing, or balancing, condenser is now. 


“The improved model 
National Air Dielectric Fy %, 
condenzer-tuned LF. much as the filter is only used when 
transformer as used infar ied 

inthe National FBoa interference or static ia present, and 
and FAXA receivers 


Final LF, Adjustment 
The final adjustment of the I-F. transformers 
may now be made. Set the control for maximum 
selectivity, carefully tune in a steady signal until 
it is exactly on the crystal peak, and adjust:each 


- of the LIF. transformer tuning condensers for 


maximum signal strength. In almost all cases 
where the I". amplifier has once been aligned to 
the crystal, this check is all that would be re- 
quired, and it is not necessary to put the crystal 
in an external oscillator. Even if the I.F. amplifier 
is considerably out of alignment, the crystal 
frequency. may be found by employing strong 
local signal from a monitor or frequency meter, 
slowly tuning across it while listening for a peak 
in the audic bt :at note. If the peak is found at a 


“yery high audio pitch it will be necessary to 


change the tuning of the beat oscillator so that the 
audio peak will be well inside the limits of audibil~ 
ity. It is probable that if the peak signal is found 
at all, the 1.J". amplifier will not be far. out ‘of 


tune* and the readjustments required will be F 


small. « 

Where the LF. transformers are tuned with air 
dielectric condensers, the adjustments when once 
made are permanent and need only be checked 
when new tubes are substituted, provided of . 


course the recziver is not subjected to severe 


mechanical shocks or vibration. I.F. transformers °: 
tuned by compression type mica-dielectric con- ° 
densers, on: the-other hand, should be checked 


> frequently, sine “othe caipacity Uf such conderisérs ~~ 


is changed by temperature and humidity fluctua- 
tions. These statements are equally epplicable 
to the beat oscillator circuits. 


Checking Crystal Action’, , 


activity, may be easily checked as 
follows: With the signal tuned in ex- 
actly as mentioned in the previous 
paragraph and the selectivity control 
set at maximum selectivity, throwing 
the crystal selector switch from the 
single signal, or -central, position to 
the straight super connection should 
not cause any change in signal’ 
strength. There will, of course, be a 
. great increase in tube hiss, back- 
. ground noise and interfering signal,’ 
. but the actual strength of the desired 
signal should not change. It is possible, 
of «»urse, to obtain a louder signul in 
the straight super connection by re- 
setting the selectivity control and this 
is quite normal. The fact that a signa! 
is weakened when using the crystal 
fitter is relatively unimportant, inas- 


su 4 interference will be made about 


. The crystal response, or crystal , 


1 
i 
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100 times weaker, thereby greatly improving the 
readability of the signal. 

A erystal which is found to be a poor resonator 
should be carefully removed from the holder and 
both erystal and plates cleaned with alcohol, 
gasoline, carbona, ether, or some similar fluid. In 
reassembling the holder care must be taken to see 
that the crystal is free between the plates; that is, 
that there is a suitable air gap (usually two or 
three thousandths) between the upper plate and 
the crystal and that the crystal is free to move 
sideways in any direction. Many types of holders 
are of such construction that the cover must not 
be screwed on tightly since this exerts pressure 
upon the upper plate, sometimes distorting it to 
such an extent that it exerts pressure upon the 
erystal itself. Under such conditions the crystal 
will be almost completely inoperative. Other 
types of holders are supplied with a clamping 
screw which must be loosened in order to free the 
crystal, 

The operation of the crystal in the parallel con- 
nection may be checked in a similar manner to 
that employed to check the crystal activity, The 


signal is tuned in in the series or single signal 
position, and then the crystal selector switch is 
thrown to the parallel position. Unless the test 
oscillator emits an exceptionally pure signal, the 
beat note will appear to change slightly or to have 
two frequencies. Re-tuning the signal very care- 
fully should show asharp minimum response in the 
audio beat note, this minimum being very close 
to the same audio. pitch at which the signal 
peaked in the single signal position of the switch, 
In other words, with the crystal in the parallel 
position there will be a point where the audio beat 
note will be very weak; just the opposite of the 
single signal reception. In this case, the crystal 
acts as a trap to reject an I.F. signal tuned ex- 
actly to its frequency. Under actual operating 
conditions the parallel connection is seldom used, 
but is helpful under certain circumstances; for 
instance, if two phone stations are close together, 
causing a bad heterodyne, it is possible, provided 
the interfering station has a steady carrier, to 
tune the receiver so that the undesired signal is 
tejected by the crystal as evidenced by a sharp 
decrease in the heterodyne interference. 


Notes on Band Spread Coils 


The band spread coils for the FB- receivers are 
carefully aligned at the factory and, as a general 
tule, it is not necessary to make readjustments. 
Since, however, there is bound to be some varia- 
tion in individual receivers, it is impossible to 
align the coils at the factory so that they will 
check exactly with the calibration curves. Simi- 
larly, antenna characteristics will vary, maling it 
desirable or even necessary in many cases to read- 
just the detector coil trimmer condenser. 

When all adjustments are correct, the receiver 
will, of course, operate at its best; that is, with 
maximum sensitivity and minimum image fre- 
quency reception. In any superheterodyne, how- 
ever, especially those not having pre-selection 
before the first detector, images and repeat points 
are to be expected to some extent, and while such 
interference may be reduced by proper adjust- 
ment of the detector coil as outlined below, their 
presence does not necessarily indicate incorrect 
adjustment. 

The amateur band spread coils for the FB- 
receivers are adjusted by means of a suitable 
monitor or frequency meter. The position of the 
band on the dial is determined entirely by the ad- 
justment of the oscillator coil padding condenser, 
which is mounted inside the oscillator coil and 
which may be adjusted by means of a screw driver 
through the hole just below the coil handle. 


Calibration Curves 


To adjust the coil in accordance with the cali- 
bration curves the procedure is as follows: Set the 
tuning dial to read 120, tune the frequency meter 


to the high frequency edge of the band covered by 
the coils, and adjust the oscillator coil trimmer 
until the signal is picked up. The beat oscillator 
should be in operation. When adjusting some of 
the coils, particularly those covering the 3.5 to 4. 
megacycle band, two settings of thé oscillator coil 
padding condenser may be found which will tune 
in the signal. Of these, the higher frequency 
setting is correct. ae 

A check for the correct setting of the padding 
condenser after making adjustment outlined 
above, is to set the tuning dial at 20 and change 
the frequency meter setting to the low frequency 
end of the band. If the signal is réceived within 
two or three dial divisions either side of 20, the 
oscillator coil adjustment is correct. If, however, 
the low frequency limit of the band cannot be 
found, or if when found it gives a widely different 
reading than those indicated by the calibration 
curves of the receiver, it is probable that the os- 


. ¢illator coil has been incorrectly adjusted. 


It is absolutely essential that the first adjust- 
ment be made at the high frequency end of the 
band; that is, at 120 on the dial. If the operator 
attempts to set the oscillator padding condenser 
at the low frequency end, he is almost sure to find 
that the calibration will run out and be off as 
much as ten or fifteen degrees at the high dial 
readings. 

In making these adjustments it is almost essen- 
tial to employ n frequency meter operating at its 
fundamental frequency since correct setting is 
difficult to determine when using the harmonic 
type of frequency meter. 


~y 


i Antenna Trimmer 
‘After the oscillator padding condenser is cor- 
rectly set, the detector coil trimmer condenser 
should be adjusted. This is best done by tuning in 
ateady signal, either modulated or ‘unmodulated, 
and adjusting the detector coil trimmer condenser 
for maximum response. The signal may be at any 
point in the band. If the operator is experienced 
in auch work, the beat setting may be determined 
by ear. If, however, difficulty is experienced in 
: obtaining the correct adjustment, it is necessary 
to employ some form of output measuring device, 
such ag an output meter, connected to the speaker 
terminals, or a 0 to 1 milliemmeter connected in 
the headphone jack. . 

The detector circuit trimmer condenser, 
mounted in the receiver just at the right-hand 
side of the ganged tuning condenser, serves 
a epecial purpose in aligning the general cover- 
age coils and its adjustment should not be 
changed. 
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Be 
“It is also important to re-check the ad- 
Justment of the detector coil trimmer con- 
denser when any-change is made in the 
receiving antenna or feeders. 

‘The operator must realize that this de- 
tector coil adj-stment, while extremely sim- 
ple and easily made, is one of the most 
important. 

‘Air dielectric padding condensers are used in 
all oscillator coils, both general coverage and 
band spread, tc insure permanence of calibration 
and freedom frum frequency drift. Condensers of 
this type, howe ver, are not necessary in the de- 
tector coils since the trimmer capacity required is 
very small and @ mica condenser having small 
capacity may ke ouilt for very low mechanical 
strain on the plate or dielectric so that the effects 
of temperature variation will be negligible. As @ 
matter of fact, the bulkier air dielectric con- 
densers, when placed in the field of the coil, will 
introduce losses aad broaden the tuning of the 
input circuit. 
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Catalog No. erie 
cases (ait padded ose.) 
.. +. (air padded ose.) 

(air padded oe ‘ 


(gir padded osc.) 
(air padded osc.) 
fait padded osc. 

. (air padded osc. 


. | (air padded osc. 
.. « (ir padded ose) 
sees (air padded ose.) . 


Range 
... 2) Meter Band Spread 
: 40 Meter Band Spread 
: 80 Meter Band Spread 
: 1. +160 Meter Band Spread 


634000 to 18000 Ke 
19500 to 11400 Ke 
TIH1700 to ©7000 Ke 
17300 to___4000 Ke_ 
4200 to" "2400 Ke~ "7 
1 2500 to 1500 Ke 
TIIITD 1500 to = 800 Ke 


Tha list price of coils for all ranges is $10.00 per pair. Unwourd coil forms, complete 


with trimmer and coil handle are available at alist price of $3.65 each, and designated 


by the Catalog Symbol XR-39. 


POWER PACKS AND TUBES 


Tar are several makes of tubes that give very satisfactory performance in broadcast receivers, and yet. 
will not operate satisfactorily as electron coupled oscillators or I.F. amplifiers in the particular circuit 


employed in the F'B type of high frequency receivers. 


use of RCA Radiotrons. 


It is for this reason that we so strongly recommend the 


‘The heater circuits of the FB7, FB7A, FBX, and FBXA receivers draw 934 amperes. Asa result, there is a 
yoitage drop of approximately .3 voltsin the ‘cable. National Type 5887 and 5897 power packs are designed to 
deliver 2.8 volts to the heater cireuit in order to offset the voltage drop in the cable, and thus deliver the cor- 
rect voltage (2.5) across the heater terminals of the diferent tube sockets. This voltage is critical. Should 


the voltage be less than 2.25 when measured acro: 


sg the socket terminals, erratic and totally un- 


satisfactory operation may result. Consequently, it is extremely {mportant when other than a 


standard National power unit is employed to see thac the tubes are getting the 
valtage. In connection with s home made power supply, it is impractical to use standa 


roper heater 
broadcast set 


replacement power transformers having 8 2.5 ‘volt heater winding, as such transformers. will not deliver 
sufficient heater voltage to properly operate the receiver. 

Experience has shown that in well over fifty percent of the cases where unsatisfactory results have been 
had with one of the F'B typo receivers, the difficulty has been due entirely to the use of a power pack that did 
not supply full heater voltage when measured at the tube sockets. 
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CALIBRATION CURVES FOR BOTH GENERAL 
COVERAGE AND BAND SPREAD COILS 
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NATIONAL 
“EB-7" 


Amateur Type 
SHORT WAVE RECEIVER 


The FB-7, designed primarily fur the experienced ama 
teur operator, is a seven tube receiver having exceptional 
sensitivity, selectivity, stability, and other characteristics 
essential in order to contend with the crowded conditions 
of the amateur C. W. and phone bands. Ample sensitivity 
and selectivity are assured through the use of a circuit 
employing two stages of high gain I. F. amplification (six 
tuned circuits) while individual filtering of ail circuits, 


heen eliminated. 
‘on the pitch of C, W. signals, even at 14, me. 

The receiver is compact, being only 114" 
conserve space on the operating table as much as possibte. 


bands, 
adapt 


the 1 


use 
‘The 


tiv 


x 12”, and is shaped to 


The full vision dial, plug in coils, send and receive switch, beat oscil Siwol 
lator switch, calibration chart, ete., aff on the front panel, result in an ease @ New NATIONAL Type AGS Litewound 
and convenience of operation that is possessed by no other receiver 


FB-7 completely wired including 80 meter coils, less tubes, $55.00 


reception in. 


1. F. gai 


time of a mechanical filter (quartz crystal) with its associated “selecti 


single signal reception is primar 


y pass 


including the oscillators, (gether with thorough shielding, results in 
imusual stability, There is no pulling-in or blocking by strong local sig- 
nals, and frequency drift in both high frequency and beat oscillators has 
ariation of the volume control has no appreciable effect 


Outstanding Features: 


ei 
e 


hy Selectivity ant Sensitivity: 
Zlectron Coupled Oscillators — No Bryquency 
Drift 
© Uniform Gain over 
@ Vondle Shickding 
@ Absolute Single Control Tuning —No Trinuner 
(Iligh Gain) Stages. 


tire Frequency Range 


1. F. Transformers with trimmer adjust. 
ments on top 

@ Tubing Curves on Front Panel 

@ Gain Control Calibrated in" Unies 

@ High Signal to Noise Ratio 

One-Hand Tuning 
@ Front of Panel Coil Change 
@ Shielded “R3Y" Coils Changed from Front of 


TUBES Panel 


@S.F. 1, 270° Tuning with Fult Vision Velvet 

Vernier Dial 

@ Seven Tubes without Rectitier 

@ Pancl Switch tor cutting Bo Voltage during. 

37 ‘Transmission 
@ Band Spread and 


i Range Coils 


D Amateur Bands Spread over 100 Dial Divisions: 
58's @ Full Range 20 mac, to 1500 kc. 
59 @ “Offset eww. Beat Tuning 


@ Beat Oscillator Switch on Panel 
@ Phone Jack in 2nd Detector Outpnt Cirewit 
1224's @ Speaker Driven by 'S9 as Class "A" Pentode 
@ Mechanical Filter (Quart Crystal) Available 

for Full Single Signal Reception 
@ “Doublet” or standard type Antenna System 


SINGLE-SIGNAL RECEPTION 


ealizing the tremendous advantages of so-called 
connection with caw, reception on some of the more congested 
“FB-7," like the “AGS,” has been designed 0 as to be reailily 
to this new type operation. High inherent circnit stability, high 
qecial shielding and proper chassis space, directly adjacent lo 
TF. transformer and tube, make possible the ready adtition at as 


single signal” 


t 


condenser and multi-point switch. 
ary to the widespread impression 


nthe part of many amateurs, 
y for caw. work, and not for “phone band 


FB. 


I. F_ amplifier is so designed as to have the masinum selec- 
ple for phone band use without serious sacrifice of intelligibility. 


NAT 


ONAL 


If desired, the single signal version of the “$B-7" may be obtained as a 
conyete unit by specifying the Catalog Symbol "FBX," and at an addi- 
tional list price of $20.00 above that of the standard mode} “FB-7."" 


RADIO PRODUCTS 


NATIONAL 


REGULAR and BANDSPREAD 
“FB-7” COILS 


employed in the “FP B-7" 
developed originally for the “AGS” receiver. The 
windings are on accurately threaded forins of R-39, the tow-loss 
dielcctrie, and are protected from damage by an outside sleeve 
of special bakelite. This bakelite sleeve does not come in contact 
with the windiny mselves and consequently docs not detract 
from the low-1 ntributedt by the R-39 coil forni 


Id. When a coil is plugged 
theretore, conrpletely shickded without the inconvenience 
of replacing a shield-can after the coil 


il farms are supplied with the standard NATIONAL 
coil base, which makes pessible the interchangeable use 
of band spread and regular type coils. 


The two charts ov this page slow the range of afl stand 
coils of hoth the band spread and general coverage types, W 
nscd with the hand spread coils, the “FB-7" mak 

teur Gype receiver. Used with the general cover 
makes a splendid short wave broadcast recuiv 
ite $9 outpnt tube, high sens nt high select 
tnasually Hoe pertormance in Che reception of foreign pr 


Catalog No. Range 

AR 2W., Saja ahnth y 20 Meter Band Spread 
ABAD 7 40 Meter Band S| 

AL RO... . 80 Meter Ras 

AB 169, 160 Meter Band 
FRA... 19500 Lo 11400 Ke 


FURL, seees LUPO to 7000 


FRC....... : 7300 to 
FB) 30 a5 ‘ 1200 (o 
PRE Liayenale 2500 to 


4000 Ke 
2400 Ke 
1500 Ke 


The list price of coils for all ranges is $10.00 per pair. Cnwotnd 
coil forms, complete with trimmer and coil handle are ava 
A list price of $4.68 each, and designated by the Cats 
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FREQUENCY IN KILOCYCLES 


et 
CONDENSER SETTING 


IN MEGACYCLES 


FREQUENCY 


| {140-i4.4 MC. 


SETTING 


NATIONAL POWER UNITS 


‘The “B-7" is designed so that it may be operated di- 
rectly from any one of several NATIONAL power units, ot, 
if desired, from filament transformer and B-batteries, Using 
140 volts B, the total drain is 40 milliamperes. The Heater 
circuit requires 9.5 amperes at 2.5 volts, 


The B-voltage employed may be of any value between 180 
and 250 volts without affecting the performance of the re- 
ceiver in uny way whatever except for the amount of undis- 
torted power output. For this reason the use of the No. 5887 
power unit is ecommended, for amateur communication, or, 
w already available, the No. 5880 power nnit may be used 
The 5880 differs from the 5887 in that it employs a much 
higher degree of hum filtration, necessary because of its 
original design for use with the SW-3 regenerative detector 
type receiver. The circuit of the 7” does not require 
such complete power supply filtration and the lower priced 
No. 5887 is quite adequate. 


hort wave broadcast reception, where a high degree 

istorted power output is desirable, a higher plate voll- 

is recommended than that supplied by cither the No, 

5887 or the No. 5880. Such a power anit is available in the 

No. 5897, which furnishes voitages suflicient to drive the type 
59 power output peatode in the "FB-7” at full rating. 


Alll of the power units employ, of course, R. P. filters for 
the elimination of tunabte hum, and embody the other ex- 
clusive features that arc well known to of NATIONAL 
Power equipment. 


Catalog No. Description 


5887 AB Spe for FB-7 
LI5V, --- 60 Cycles (less tube) $24.50 


List Price 


5897 AB High voltage for operation of '59 Lube 

at fuil rating. 115V. —- 60 Cycles 

(less tube) $34.50 

Above Packs available for other voltage and frequency 
inputs on special order. Wrile for prices 
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